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* P values obtained from multiple regression analysis using general linear models and used to evaluate the association of age and sex with analyzed traits. The trait measurements are the average of both eyes for all the genotyped individuals included in the association study. For some traits measurements were not possible for all study subjects. For a description for how these traits were measured, see Supplementary methods. Power (%) to detect associations with the 4 SNPs used for the PheWAS is shown in the last column. The power calculation methods are included in the methods section.
Abbreviations: N, number of subjects with measurements for the indicated trait; SD, standard deviation. Abbreviations: β, beta; Chr, chromosome; Freq, frequency; A1/A2, allele 1 / allele 2. A semicolon is used to separate multiple frequencies and betas in previously reported SNPs. For this Indian dataset, the frequency for allele 1 is given and is modeled as the effect allele. The direction of effect was consistent for most SNPs. Most SNPs within the most significant hits ±100 kb region of reported SNPs show a p value of <0.05. SNP positions are according to GRCh37/hg19. Supplementary Figure 4 . Meta-analysis for rs10453441 and CCT. Forest plot showing effect estimates for the South Indian pedigrees, as well as for the replication effort. Pooled estimates for β and 95% confidence interval (95%CI) were calculated by fixed effects, inverse variance weighting meta-analysis. Reduced evidence for association but similiar overall effects was observed if the meta-analysis was completed using the random effects model: P=1.0x10 Supplementary Figure 5 . WNT7B genomic region associated with ocular traits as annotated by ENCODE. The top SNP in this family-based South Indian study associated with CCT (rs9330813) and the top SNPs associated with corneal curvature and axial length in a recent Japanese study (Miyake et al., 2015) (rs10453441, rs200329677) as well as the top SNP associated with CCT in a Latino study (Gao et al., 2016) (rs10453441) fall within a 10Kb region in intron 1 (top panel). The lower panel shows the SNPs that flank a cluster of transcription factor binding sites including the top SNP in our study (rs9330813) and rs10453441, the top SNP in the other two studies. Of these, rs9723267, which is in complete linkage disequilibrium with rs9330813, overlaps a CTCF/Rad21 binding site (red arrow) that may have enhanced activity because of the presence of a nearby TBP binding site (blue arrow) (Roy et al., 2015) . The region also includes multiple DNaseI sites that in most cell types are annotated as enhancers by ENCODE. Cell types: GM12878 (B-lymphocyte, lymphoblastoid), H1-hESC (embryonic stem cells), K562 (leukemia), HepG2 (hepatocellular carcinoma), HUVEC (umbilical vein endothelial cells), HMEC (mammary epithelial cells), HSMM (skeletal muscle myoblasts), NHEK (epidermal keratinocytes), NHLF (lung fibroblasts). ENCODE annotation: Bright Red, Active Promoter; Light Red, Weak Promoter; Purple, Inactive/poised Promoter; Orange, Strong enhancer; Yellow, Weak/poised enhancer; Blue, Insulator; Dark Green, Transcriptional transition and Transcriptional elongation; Light Green, Weak transcribed; Gray, Polycomb-repressed; Light Gray, Heterochromatin, low signal. Data is taken from a UCSC genome browser screen shot (http://genome.ucsc.edu).
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Supplementary Figure 6 . PheWAS plots for top SNPs associated with CCT in the South Indian population (rs9723267 and rs75159625, top panels ) and top SNPs associated with corneal curvature and axial length in the Japanese population (rs10453441 and rs2000329677, bottom panels). The association results for each measured trait (Supplementary Table 1) were plotted with the phenotypes (ocular traits) grouped along the x-axis and the -log10(P) value for association analysis on the y-axis. The phenotype group is indicated by the color of the graph point as indicated by the side panel. The lower grey dashed line indicates P = 0.05. The upper black dashed line indicates a single-SNP Bonferroni correction for 45 traits, P = 0.001 (0.05/45). Abbreviations: CCT, central corneal thickness; IOP, intraocular pressure measured by Goldman applantation; AXL axial length; K_H, corneal curvature horizontal; K_V, corneal curvature, vertical; Inferior, average retinal nerve fiber layer thickness in the inferior quadrant as measured by HRT (Heidelberg Retina Tomograph) and analyzed with the Moorfields regression analysis; Superior, average nerve fiber layer thickness in the superior quandrant as measured by the HRT and analyzed with the Moorfields regression analysis; RNFL_VC, retinal nerve fiber layer curvature as measured by the HRT and analyzed by using Glaucoma Probability Score (GPS). Other traits were not labeled in these figures due to limited space.
SUPPLEMENTARY METHODS
Measurement of ocular quantitative traits:
After informed written consent, 45 selected ocular quantitative traits (Supplementary Table 1) were measured in individuals enrolled in this study. Not all traits could be measured in every enrolled subject and the N (number) of subjects with the measured trait is indicated in Supplementary Table 1 . The traits are grouped as biometric parameters (6 traits), corneal parameters (5 traits), optic nerve parameters (29 traits) and refractive error parameters (5 traits). For all traits measurements were made separately for each eye and then the average value of both eyes was used for the analyses. Methods to measure each trait are described in the following sections:
Biometric traits: Axial length (AXL) was measured using Digital Biometry Reading (DBR; Ocuscan, Alcon Laboratories Inc, Fort Worth, TX). Anterior chamber depth (ACD) was graded using the modified van Herrick technique using a set of reference images and slit lamp biomicroscopy. Intraocular pressure (IOPg) was measured using the Goldman applanation tonometer (Zeiss AT 030 Applanation Tonometer, Carl Zeiss, Jena, Germany) while seated at the slit lamp. IOP measurements were also obtained from the Ocular Response Analyzer (Goldmann-correlated intraocular pressure (IOPgc, mm Hg) and Corneal compensated intraocular pressure (IOPcc, mm Hg). Lens thickness (Lens) was measured using the Pentacam (Oculus, Inc., Lynnwood, WA).
Cornea traits: Central corneal thickness (CCT) was measured by an ultrasound pachymeter (Dicon P55; Paradigm Medical Industries Inc., Salt Lake City, UT). Corneal curvature (CC, K_H and K_V) was evaluated using the Javal-Schiotz keratometer (Haag-Streit AG, Köniz, Switzerland). Corneal hysteresis (CH) and corneal resistance factor (CRF) were measured by Ocular Response Analyzer (ORA; Reichert Inc., Depew, NY).
Optic nerve traits: VCDR (vertical cup-to-disc ratio) was graded using fundus photography (Zeiss FF450-plus fundus camera, Carl Zeiss, Jena, Germany). Inferior, superior and TSNIT (temporal, superior, nasal, inferior, temporal) nerve fiber layer thickness was measured by Glaucoma Diagnostics (GDx; Carl Zeiss Meditec AG, Jena, Germany). Other optic nerve parameters were measured by Heidelberg Retina Tomograph (HRT; Heidelberg Engineering, Dossenheim, Germany). All HRT measurements were analyzed using Moorfields Regression Analysis (MRA) except cup size, cup depth, rim steepness and retinal nerve fiber layer curvature, which were analyzed using Glaucoma Probability Score (GPS).
Refractive error traits:
The ETDRS distance acuity chart was used to measure visual acuity. Objective refractive error measurements (Objective refraction cylindrical distance, ORCD; Objective refraction spherical distance, ORSD) were made using the autorefractor (Topcon RM A 7000 Auto refractometer) and by retinoscopy (Optotechnik, Herrsching, Germany). Subjective refractive error measurements were made by manual refinement of the objective measures using trial frame and lenses.
Collection of samples and genotyping for the replication cohorts:
Three of European studies used for replication, CROATIA-Korčula, CROATIA-Split, and ORCADES, are healthy adult volunteers from the Croatian island of Korčula, the Croatian urban city of Split and the northern isles of Orkney (Orkney Complex Disease Study, ORCADES, Scotland, UK). Samples were collected and genotyped as previously described (Vitart et al., 2010) . Genotype data imputed using IMPUTE2 to the 1000 genomes phase 1 (integrated variant set-March 2012 release) was used for replication. Imputation scores for the SNPs investigated (rs9330813 and rs10453441) were >.50 for each dataset. VHS, the Viking Health Study, is a cross-sectional study of the UK population from the Northern isles of Shetland with eye examination and measurements identical to those carried out in the ORCADES study (http://www.orcades.ed.ac.uk/orcades/VHSS.html). 2179 individuals genotyped with the HumanOmniExpressExome-8v1 genome-wide Illumina array passed quality controls (no mismatch between reported and genotyped gender, genotyping call per individual > 97%, with genotyping call per SNP > 98% and variants with large departure from Hardy-Weinberg equilibrium removed). The variant rs10453441 was present on the genotyping array, therefore data presented for VHS is from direct genotypes.
The Twins UK cohort was collected and genotyped as previously described (Lu et al., 2013) . Genotype data imputed using IMPUTE2 to the 1000 genomes phase 1 (integrated variant set-March 2012 release) was used for replication. Imputation scores for the SNPs investigated (rs9330813 and rs10453441) were >.500.
The Singaporean Indian population (SINDI) was collected and genotyped as previously described (Vithana et al., 2011) . SNPs rs9330813 and rs10453441 were not included in the Illumina Human610-Quad platform used for genotyping and the WNT7B genomic region imputed poorly in this population. For replication for this study a TaqMan assay was designed for rs10453441 and successfully used for genotyping. A similar assay for rs9330813 failed design.
